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Background 

Aluminum  alloys  are  used  in  a  variety  of 
structural  applications,  such  as  aircraft  wings, 
fuselage,  etc.  In  addition  to  cyclic  mechanical 
loads,  these  alloys  are  often  subjected  to 
aggressive  corrosive  environments,  e.g.,  salt 
water  arid  moisture.  Thus,  a  comprehensive 
understanding  of  the  combined  effects  of  cyclic 
mechanical  loading  and  environmental  effects  is 
necessary. 

The  fatigue  behavior  of  aluminum  alloys  is 
controlled  by  a  variety  of  factors,  such  as 
composition,  microstructure,  load  ratio,  and 
environment  [1-10].  In  general,  it  has  been  found 
that  the  fatigue  threshold,  AKth,  in  vacuum  is 
higher  than  that  in  air.  Fig.  1 .  Kirby  and  Beevers 
[4],  for  example,  showed  that  in  air,  aluminum  alloys  exhibited  decreasing  AK  with  increasing 
R-ratio,  while  in  vacuum  AK  was  independent  of  R-ratio.  The  differences  in  fatigue  crack  growth 
behavior  between  air  and  vacuum  environments  are  not  well  understood,  although  a  few  theories 
have  betn  proposed  [5-10],  These  are  described  in  some  detail  in  the  next  section.  Furthermore, 
the  relationship  between  fatigue  crack  growth  behavior  and  microstructure  evolution  during 
fatigue  in  vacuum  and  moisture  environments  has  not  really  been  established.  The  goal  of  this 
AFOSR  program  was  to  build  a  state-of-the-art  ultra-high  vacuum  mechanical  testing  system, 
capable  of  testing  in  a  vacuum  environment  of  10'1  torr.  and  to  investigate  the  mechanical 
behavior  of  7075  aluminum  alloy. 

Ultra-High  Vacuum  Mechanical  Testing  System 

Figure  2  illustrates  the  vacuum  chamber  mounted  to  the  MTS  810  load  frame.  The  chamber  is 
isolated  from  the  load  train  by  flexible  bellows  at  the  actuator  and  load  cell  connections.  The 


Fig.  1  Schematic  of  the  effect  of  environment  on 
fatigue  crack  growth  behavior  of  A1  alloys. 
Testing  in  air  results  in  a  decrease  in  AK<h, 
relative  to  vacuum. 


bellows  located  on  the  actuator  side  has  a  total  travel  of  100  mm;  the  bellows  on  the  load  cell 
side  has  a  total  travel  of  50  mm.  The  bellows  travel  allows  for  actuator  displacement,  as  well  as 
for  repositioning  the  extension  rods  to  accommodate  different  size  samples  and  grips  without 
having  to  move  the  chamber  up  or  down. 


Figure  2.  UHV  Mechanical  Testing  System. 

•  Ion  Pump,  •  Turbo-Drag  pump,  ,  •  Mass  Spectrometer 
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Figure  3.  Vacuum  Chamber.  The  twelve  unlabelled  2.75”  ports  are  used  for  vacuum  gauges, 

valves  and  instrumentation  feed-throughs. 


The  vacuum  chamber  (Figure  3)  is  constructed  entirely  of  polished  304L  stainless  steel,  w  ith  all 
welds  tested  for  leaks  to  a  rate  of  2x  10'10  cm  Vs  with  helium.  All  devices  connected  to  the 
chamber,  including  pumps,  gages  and  valves,  are  ultra-high-vacuum  (UHV)  compatible,  and  all 
connections  are  sealed  with  copper  gaskets. 

Pumping  to  ~10‘  torr  is  accomplished  with  a  210  L/s  trubo-drag  pump  (Pfeiffer  TMU-262P), 
backed  by  a  5  L/s  scroll  pump  (ULVAC  DIS-250).  This  pump  combination  eliminates  the 
possibility  of  contamination  by  pumping  fluid  used  in  more  conventional  rotary'  backed  diffusion 
pump  systems.  The  turbo-drag  pump  system  can  be  isolated  from  the  chamber  by  a  6”  UHV  gate 
valve.  Isolation  is  necessary  when  opening  the  chamber  or  when  using  the  ion  pump.  The  300 
L/s  ion  pump  (Kurt  Lesker  LION-300)  is  used  to  achieve  pressures  of  ~10  1  torr.  Like  the  turbo¬ 
drag  pump,  the  ion  pump  can  be  isolated  from  the  chamber  by  closing  an  8”  UHV  gate  valve.  As 
can  be  seen  in  Figure  3,  both  pumps  are  connected  directly  to  the  vacuum  chamber  to  achieve 
optimum  pump-down  speeds. 
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Pumping  down  the  chamber  is  further  facilitated  by  use  of  two  500  W  quartz  lamps  located 
inside  the  vacuum  chamber.  At  a  maximum  chamber  temperature  of  200°C,  the  lamps  efficiently 
heat  up  all  interior  surfaces  to  remove  adsorbed  moisture.  The  lamps,  in  combination  with  a 
programmable  controller  (Eurotherm  2408)  and  solid  stated  relay  (Eurotherm  TE10A)  can  also 
be  used  for  elevated  temperature  fatigue  and  thermo-fatigue  tests. 

Vacuum  levels  within  the  chamber  are  monitored  by  a  thermocouple  gauge,  nude  ion  gauge  and 
a  quadri  pole  mass  spectrometer.  The  thermocouple  gauge  has  an  operating  range  of  2  torr  to 
1  x  10'3  torr.  The  nude  ion  gauge  has  an  operating  range  of  lx  10’1  torr  to  2X10'' 1  torr.  The 
quadrupole  mass  spectrometer  (Hiden  Analytical  HAL-101)  has  a  partial  pressure  detection  limit 
of3.5xl0'14  torr,  a  maximum  operating  pressure  of  7x10"*  torr  and  an  atomic  mass  detection 
range  of  1  amu  to  100  amu.  As  illustrated  in  Figure  4,  the  head  of  the  mass  spectrometer  is 
located  5  mm  behind  the  test  specimen.  The  closeness  of  the  mass  spectrometer  to  the  sample 
will  enable  rapid  detection  of  changes  in  atmospheric  composition  as  new  ly  formed  surfaces 
react  to  Ihe  surrounding  gases  during  fatigue  crack  growth. 
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Mass  Spectrometer 
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Figure  4.  Vacuum  Chamber  Interior 
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Also  shown  in  Figure  4  is  the  recessed  viewport,  which  allows  the  external  microscope  (Questar 
QM-100)  to  reach  its  lowest  working  distance  (15  cm)  and  hence  to  maximize  resolution.  The 
microscope,  in  combination  with  a  three  megapixel  CMOS  camera  (Lumenera  Infinity  1-3) 
enables  the  surface  of  the  CT  specimen  to  be  viewed  with  a  resolution  of  ~0.5  pm/pixel.  The 
inner  diameter  of  the  recessed  viewport  is  sufficiently  large  to  allow  the  microscope  to  travel  25 
mm  in  any  direction  about  the  center  of  the  viewport.  The  viewport’s  quartz  has  a  scratch/dig 
ratio  of  20/10,  flatness  of  A/4  and  one  arc  minute  parallelism.  This  optical  quality  ensures 
negligible  distortion  of  the  image  by  the  viewport.  In  addition  to  studying  crack  growth  with  the 
optical  microscope,  a  direct  current  potential  drop  system  (DCPD)  can  be  used  to  study  and 
dynamically  control  crack  growth  rates. 

Preliminary  fatigue  crack  growth  data  on  a  7075-T6  aluminum  alloy,  tested  at  a  vacuum  of  aroud 
10’  torr,  at  an  R-ratio  of  0.1  is  shown  in  Figure  5.  These  results  show  that  the  system  is  fully 
operational  and  can  generate  high  quality  fatigue  crack  growth  data. 
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Figure  5.  Fatigue  crack  growth  data  in  10'9  torr  vacuum  in  7075-T6  A1  alloy. 
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